described only once in an in vitro study of a case with SPD [7] and recently in a clinical study by Almeida [8] .
We report a patient with a storage pool disease who successfully underwent dental surgery during treatment with rFVIIa.
A young male patient 13 years old, born from nonconsanguin Caucasian was diagnosed with d-SPD. He had a prolonged bleeding time of 8-13 min and a normal platelet count (170-220 Â 10 9 /L). General haemostatis analyses concerning APTT, PT, thrombin time, and fibrinogen revealed values within the normal range. Platelet membrane glycoprotein complexes showed normal expression, but the patient had an elevated ATP/ ADP ratio of 5.5 measured in ethanol extracts with the luciferin-luciferase assay. The dental surgeon advised the extraction of three dental elements. After informed consent we decided to analyze the effect of rFVIIa treatment on SPD. During and 24 hr after this procedure the patient was prophylactically treated with rFVIIa (NovoSeven 1 , Novo Nordisk, Copenhagen, Denmark) and the anti-fibrinolytic agent tranexamic acid (Cyclokapron Pharmacia&Upjohn, Capella aan den ijssel, The Netherlands), four times daily. At T ¼ 0 the patient received a bolus of rFVIIa (100 mg/kg) directly followed by a continuous infusion of 16 mg/kg/hr. During infusion, the bleeding time and levels of factor VIIa, prothrombin fragment 1 þ 2 (F 1 þ 2 ), TAT (Thrombin Antithrombin III complex), D dimer, PF4, and Thrombin Activatable Fibrinolysis Inhibitor (TAFI) were monitored. They were checked after 15 min (T ¼ 0.25), 1 hr (T ¼ 1), 5 hr (T ¼ 5), and 24 hr (T ¼ 24) ( Table I ). The infusion rate was calculated depending on the plasma factor VII level, intended to reach plasma levels of 6-20 IU/ml. The operation was performed at T ¼ 4. Blood samples were collected in tubes containing 3.8% trisodium citrate for the routine coagulation assays and in CTAD (citrate, theophylline, adenosine, dipyridamole) tubes for D-dimer and PF4 analysis. Samples were chilled immediately in an ice bath, centrifuged at 47.800g for 30 min at 48C and stored in À808C.
Bleeding time was measured according to Ivy. Factor VII clotting activity was analyzed using a one step clotting activity method containing factor VII deficient plasma. F 1 þ 2 was measured using a commercial solid phase enzyme linked immunosorbent assay (Enzygnost F 1 þ 2 , Behringwerke AG). TAT was determined with a commercial solid phase enzyme linked immuosorbent assay (Enzygnost TAT, Behringwerke AG, Marburg, Germany). D-dimer was also measured with a sandwich assay (Asserachrom 1 D-dimer) for the quantitative determination of fibrin degradation products. PF4 was quantitatively determined with an enzyme immunoassay (Asserachrom PF4). TAFI was measured with an enzyme linked immunosorbent assay.
The increased levels of FVIIa gradually lead to a normalization of the bleeding time. Increased thrombin generation is demonstrated by high levels of both TAT and F 1 þ 2 immediately after administration of rFVIIa. The normal plasma levels of D-dimer suggests no degradation of fibrin or fibrinogen; normal measured levels of TAFI do not point to downregulation of fibrinolysis. An increase in PF4 immediately after the bolus injection of rFVIIa indicates the induction of platelet aggregation.
The use of recombinant factor VIIa in this patient with a storage pool disease leads to a normal hemostasis during and after the extraction of three dental elements. The underlying mechanisms by which the use of rFVIIa results in normal hemostasis in a patient with storage pool disease remain to be determined, but two possibilities are evident: a mechanism of enhanced thrombin generation or of inhibited fibrinolysis.
Enhanced thrombin generation is reflected by elevation of F 1 þ 2 and by the release of TAT. Considering the half lifes of F 1 þ 2 and TAT being, respectively, 90 and 3 min, thrombin generation seems an important process directly following the administration of rFVIIa. As expected, the rFVIIa infusion induces thrombin generation by activating the extrinsic pathway in a tissue-factor dependent manner. FVIIa reaches the expected elevated levels. The immediate rise in TAT and F 1 þ 2 appears already before any surgical event has taken place. This suggests immediate activation of thrombin generation not by the release of tissue factor but possibly by a tissue factor-independent pathway. Activation of small amounts of F Xa in the proximity to platelet surfaces can lead to an explosion of thrombin generation [3, 9] . In our patient, we assume that rFVIIa binds to activated platelets activating Xa, generated on the platelet surface, hence leading to formation of the prothrombinase complex. As is demonstrated in the table the bolus injection of rFVIIa indeed leads to an immediate rise in PF-4 values. This may result in active aggregation of platelets by the brief release of a high amount of alpha-granule-specific PF-4, finally leading to the explosion of thrombin generation as mentioned above.
TAFI demonstrates no significant changes. High concentrations of thrombin seem to be necessary for the activation of TAFI [10] . Downregulation of fibrinolysis by TAFI activation has been demonstrated in in vitro studies to be an important factor in clot stabilization [11] . Until now this effect has not been monitored in in vivo situations.
In this patient with SPD, infusion of rFVIIa does not lead to a change in D-dimers nor to a rise in TAFI in a state of active thrombin generation. In conclusion, this patient with SPD demonstrates an increased thrombin generation possibly enhanced by triggering of the extrinsic pathway by rFVIIa. Increased levels of thrombin at the site of injury due to the operation might induce platelet aggregation. On the other hand, a tissue factor-independent activation of FXa occurs probably by the binding of rFVIIa to platelet surfaces, leading to an immediate burst of thrombin generation. This is demonstrated by elevated levels of PF-4 and the rise of TAT and F 1 þ 2 , immediately after the infusion of rFVIIa even before surgical damage to the tissues.
Recombinant FVIIa demonstrates to be a safe alternative to platelet transfusions during surgical interventions in a patient with SPD. No adverse effects were observed.
